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Abstract 
In this work, spindle-like Zn-TPyP sample was synthesized by a facile solution-phase method with CTAB as the 
surfactant. The Zn-TPyP particles with spindle shape showed photocatalytic activity. The structural properties of 
spindle-like Zn-TPyP sample were systematically investigated by X-ray powder diffraction (XRD), scanning 
electronic microscopy (SEM), transmission electronic microscopy (TEM), energy-dispersive X-ray spectra (EDS), X-
ray photoelectron spectroscopy (XPS) and UV-Vis diffuse reflectance spectroscopy (DRS) techniques. The 
photocatalytic performance of the spindle-like Zn-TPyP sample was studied by degrading toluene under xenon lamp 
irradiation by in-situ FTIR spectroscopy. The results indicate that the spindle-like Zn-TPyP particles exhibited 
favorite photocatalytic degradation activity. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Volatile aromatic compounds are particularly important constituents and comprise up to 44% of the 
volatile hydrocarbon mixture in the urban atmosphere[1]. Toluene is a major volatile aromatic pollutant. 
The ability of using solar energy to eliminate the organic pollutants makes photocatalysis a potential 
technology for solving environmental issues confronting mankind. Many studies have tested the potential 
use of gas-phase photocatalytic oxidation of toluene for air detoxification[2, 3].  
Plenty of with different morphologies and sizes have been identified as active 
photocatalysts for photodegradation of organic pollutants in gas or aqueous phase[4, 5]. Their versatile 
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and tunable geometric features render them with exceptional morphology dependent properties, and thus 
might create new and exciting opportunities for potential applications from optoelectronic nanodevices, 
chemical or biochemical nanosensors to energy or information storage, nanocatalysts etc.[6, 7] In this 
aspect, much more attention has been paid to the morphology dependent physicochemical properties of 
inorganic based nanoarchitectures due to their excellent robustness. Recently, some groups reported that 
organic-based nanostructures have similar properties with inorganic nanostructures, that is, different 
nanostructures and sizes can be excited under different wavelengths light. In contrast, investigations on 
the use of organic based nanostructures in photocatalysis field are relatively rare, regardless of their easy 
controllable synthesis and diverse morphologies[8, 9]. 
Currently, porphyrin assemblies, among various organic based nanomaterials, have become one of the 
most attractive topics in the interdisciplinary fields between supramolecular chemistry, biochemistry, 
photochemistry, porphyrin engineering, etc.[10, 11] Investigations focusing on nanostructured light 
harvesting system using porphyrin and its derivatives are of high paramount importance and broad 
interest. Along these efforts, it is very interesting for both fundamental research and practical applications 
that artificial supramolecular system might be achieved in these morphology controlled porphyrin 
nanoassemblies. 
In this work, we fabricated porphyrin based nanostructured, zinc-tetrapyridylporphine (TPyP) 3-
dimensional nanospindles in large scale driven by coordination and porphyrin interactions, depending on 
the CTAB (CTAB = cetyltrimethylammonium bromide)-assisted peripheral pyridyl coordination. After a 
systematic characterization on the structure of zinc-tetrapyridylporphine microspindles, their performance 
in photocatalytic degradation of gaseous toluene was then studied by in-situ FTIR spectroscopy. 
2. Experimental 
2.1. Preparation of catalysts 
All chemicals in this work were analytical grade regents and used as starting materials without further 
purification.  
Spindles-like Zn-TPyP was obtained via a facile surfactant assisted self-assembly (SAS) method[12]. A 
certain amount of acetic solution of meso-tetra (4-pyridyl) porphyrin (TPyP) was added into 60 mL 
aqueous solution of copper acetate (CuAc2·H2O, 16 mM) in the presence of different amounts of 
cetyltrimethylammonium bromide (CTAB) under vigorous stirring at room temperature. The colour of the 
mixture became brown and then turbid under stirring for 5 seconds at room temperature. The as-obtained 
product completely precipitated for one day. The as-obtained purple precipitate was centrifugated and 
washed by deionized water for three times to remove the remaining surfactant. The final product was 
dried in a vacuum box for 24 h. 
2.2. Characterizations 
The phase compositions and structures of the spindle-like Zn-TPyP nanostructures were measured by 
X-ray diffraction (XRD, RIGAKU, Dmax22000)   = 0.15418 nm) over the 
2 range of 10 30  at the speed of 2  per minute.The morphology of the samples was investigated by 
scanning electronic microscopy (SEM) with a JSM-6700 LV electron microscope operating at 15.0 kV 
and transmission electron microscope (TEM, FEI Tecnai G220). The compositions were examined by 
energy-dispersive X-ray spectroscopy (EDX) in the SEM. Light absorption properties were examined 
using a UV vis diffuse reflectance spectrophotometer (JASCO, UV-550). The XPS data were recorded 
using an ESCALAB250 electron + 
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sputtering to remove the surface layer of the sample. 
2.3. Photocatalytic performance of the spindle-like Zn-TPyP sample by in-situ FTIR  
In situ FT-IR spectra were collected once 5 minutes with a Fourier Transform Infrared 
Spectrophotometer (BRUKER VERTEX 70 Optics) and a self-made in situ IR quartz photoreaction 
cell[13]. The photocatalyst was illuminated by an XQ-500 W xenon lamp. The distance between the lamp 
and sample was about 15 cm. The light intensity at the sample holder was about 40.5 mW cm-2. Two 
pellets were prepared in parallel.  
The reaction cell was purged by dry air for 1 h. After 1 h, the flux of dry air was set at 20 mL/min. 
Spectra of the clean catalyst surface were collected after this process and utilized as the background. 
Subsequently, toluene species was fed at the flow rate of 2 L/h for ca. 30 min using a syringe pump to a 
mixing tee where it was vaporized and mixed with the dry air. The reactant mixture then flowed through 
the reaction cell and allowed to equilibrate at room temperature (293K). We determined whether the 
reactant concentration was stabilized by keeping collecting its infrared spectrum every 5 min until a stable 
peak line on the infrared spectrum was obtained. Once the reactant concentration was stabilized, the inlet 
and outlet ports were shut off and the lamps were turned on. The infrared spectra were continuously 
collected during the reaction. The infrared spectra were collected with a resolution of 1 cm-1 in the region 
of 4000-1000 cm-1. 
3. Results and discussion 
To date, a standard XRD spectrum of Zn-TPyP-based nanostructures has not been reported in 
previous studies. Therefore, in this work, we chose to compare the XRD of the as-obtained sample with 
that of similar nanostructures that were fabricated using Cu-TPyP [14] because the diameter of Zn2+ ion is 
approximately equal to that of Cu2+ ion. Fig. 1 illustrates the XRD patterns of spindle-like Zn-TPyP 
sample. We observed that the spectrum of the as-prepared sample has the similar spectrum to that of the 
reported sample. Compared with the literature, small shift of the characteristic peaks at 2  of 11.9°, 19.8°, 
20.9° and 26.1° could be observed, which is attributed to the different diameters between  Zn2+ ion and 
Cu2+ ion.  
 
 
Fig. 1. The XRD pattern of the prepared Spindle-like Zn-TPyP sample (solid) and reported Cu-TPyP sample (dot). 
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SEM and TEM images in Fig. 2a and Fig. 2b show the morphology of Zn-TPyP sample. The samples 
are composed of solid - particles. It could also be seen that spindle-shaped samples have the 
dimension size of micrometer. Statistical analysis of dimensional distributions (shown in Fig. 2b) based 
on TEM indicates that the length and the width are about 1.0 The successful 
preparation of the Zn-TPyP sample is further demonstrated by the elemental signature in the EDS 
spectrum (Fig. 2c). The EDS spectrum reveals the relative Zn, C, N and O contents in the as-prepared 
sample.  
The whole XPS spectrum of the Zn-TPyP sample were shown in Fig. 3a. Fig. 3b shows the high 
resolution XPS spectrum of the Zn peak with Zn 2p3/2 and Zn 2p1/2 at 1021.5 eV and 1044.9 eV, 
respectively. The BE calibration of the spectra has been referred to carbon 1s peak, located at BED = 
284.6 eV. In addition, N peak with N 1s at 398.5 eV, O peak with O 1s at 531.8 eV indicate that the 
existing form of the sample is Zn-TPyP. These results are in good agreement with the EDX analysis. 
 
 
Fig. 2. The SEM images of the Zn-TPyP sample (a), the TEM images of the Zn-TPyP sample (b), and EDS spectrum of  the Zn-
TPyP sample (c). 
 
Fig. 3. (a) The whole XPS spectrum of the Zn-TPyP sample; (b) Zn 2p XPS spectrum of the Zn-TPyP sample. 
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The UV-Vis absorption spectra of Zn-TPyP sample is given in Fig. 4. A strong absorption with the 
absorption edge at about 692 nm was found for Zn-TPyP sample. The estimated spectral absorption edge 
of the Zn-TPyP sample is found to be 1.8 eV. Therefore, a good absorption capability of visible light is 
obtained with the Zn-TPyP sample. 
 
 
Fig. 4. (a) The UV-Vis absorption spectrum of the Zn-TPyP sample. 
In-situ infrared reaction study provides real-time monitoring of transient events which are occurring on 
the catalyst during the reaction. A selective set of infrared absorbance spectra obtained during the 
photocatalytic oxidation of toluene over Zn-TPyP sample is shown in Fig. 5. The spectra were collected 
using the Zn-TPyP sample as the background. Prior to xenon lamp illumination (t = 0), the spectrum 
displays the characteristic toluene bands at 2987 cm-1, 2971 cm-1, 2901 cm-1, 1539 cm-1, 1451 cm-1, 1406 
cm-1, 1393 cm-1 and 1382cm-1 [15], respectively. Upon irradiation, the intensity of these peaks began to 
decrease slowly. After 10 h, most of toluene was degraded. Meanwhile, the bands at 2362 cm-1 and 2340 
cm-1 corresponding to CO2 increased as the reaction progressed up to 4 h. The FTIR spectra display a 
marked increase of the broad absorption in the 3800 - 3500 cm 1 range, indicating that some adsorbed 
surface species molecules may be released from the adsorption sites but probably remain on the samples 
surface by water incorporation. This result also could give us some hints that only a partial oxidation was 
achieved for most of the degraded toluene molecules after 2 h. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The infrared absorbance spectra of toluene over the Zn-TPyP sample under xenon lamp irradiation for 0-10 h.  
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4. Conclusions 
In conclusion, spindle-like Zn-TPyP particles were prepared through a simple method. In addition, we 
demonstrated that the spindle-like Zn-TPyP based on porphyrin nanoassemblies could be used for the 
photodegradation of toluene under xenon lamp irradiation. The results will expand the application of 
supramolecular nanocatalysts and porphyrin based nanomaterials in environmental field, etc. The 
underlying detailed mechanism about their photoactivity is still an open question awaiting further 
investigation. 
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